A novel aerobic marine bacterium, strain AN44 T , was isolated from the coral Fungia echinata sampled from the Andaman Sea, India. Cells were Gram-negative, motile and rod-shaped. Oxidase and catalase tests were positive. Heterotrophic growth was observed at pH 5.5-10 and at 16-42 6C, with optimum growth at pH 7-8 and 28 6C. Strain AN44
In the last decade, a large number of studies have been conducted on the diversity and ecology of coral-associated microbes (Rohwer et al., 2001 (Rohwer et al., , 2002 Dinsdale et al., 2008) ; each of these habitats supports the existence of different bacterial species (Koren & Rosenberg, 2006; Littman et al., 2009) . The genus Marinomonas was established by to accommodate two reclassified species of the genus Alteromonas isolated from the Pacific Ocean, Alteromonas communis and Alteromonas vaga. In terms of phenotypic characteristics, members of the genus Marinomonas were initially described as Gramnegative, strictly aerobic, non-fermentative, chemo-organotrophic, non-sporulating, curved or straight rods, motile by means of a single polar flagellum, requiring a seawater base for growth (Baumann et al., 1972) . Nitrate and nitrite reductases, arginine dihydrolase, gelatinase, amylase, lipase and protease were reported to be absent. With the subsequent discovery of many novel species of the genus with different characteristics, the description of the genus Marinomonas was emended by Espinosa et al. (2010) . The genus Marinomonas contains species with polar flagella at one or both poles of the cells. Amylase, lipase, protease and oxidase activities are variable from species to species. NaCl is required for growth. Characteristic fatty acids are C 18 : 1 v7c, C 16 : 1 v7c, C 16 : 0 and C 10 : 0 3-OH. The DNA G+C content is 41-50 mol%. The genus Marinomonas belongs to the class Gammaproteobacteria, and it includes 22 species with validly published names at the time of writing, reported from various marine habitats: seawater from the Mediterranean Sea (Solano & Sanchez-Amat, 1999) , subantarctic regions (Gupta et al., 2006; Prabagaran et al., 2005) , the Black Sea (Ivanova et al., 2005) , the East Sea of Korea (Yoon et al., 2005) and a pearl-oyster culture pond (Lau et al., 2006) , coastal sea-ice of the Sea of Japan (Romanenko et al., 2003) , the seagrass Posidonia oceanica (Espinosa et al., 2010) , the coral Mussismilia hispida (Chimetto et al., 2009), oysters and seawater (Macián et al., 2005) , marine sediment (Romanenko et al., 2009) and black sand (Chang et al., 2008) .
In the present study, we describe a novel strain, AN44
T , which was isolated from the coral Fungia echinata from the Andaman Sea. Coral samples were collected on Havelock Island (11 u 599 540 N 92 u 589 320 E) in November 2010. The seawater temperature was 25 u C. Mucus samples of approx. 1 cm 2 coral surface area from Fungia echinata were taken using sterile cotton swabs (Guppy & Bythell, 2006 ) and transferred to sterile tubes containing 1 ml filter-sterilized seawater. Samples were transported to the laboratory for further analysis. Bacteria from the cotton swabs were suspended in seawater by vortexing. Aliquots (100 ml) of the samples were serially diluted using PBS and plated onto marine agar 2216 (MA; Difco) and plates were incubated at 25 u C for 4 days. Colonies that appeared on MA plates were picked and purified by repeated streaking on the same medium. A small, round, cream-coloured colony was selected for further analysis as being representative of several similar colonies. This strain was designated AN44
T . The culture was streaked on MA and stored at 4 u C for short-term preservation; for long-term preservation, the culture was stored at 280 uC in 15 % glycerol. Cell morphology was examined by using a bright-field confocal microscope (Leica; TCS SP5). Gram staining was carried out using a commercial kit (HiMedia) according to the manufacturer's protocol. The pH range for growth was examined in marine broth prepared in buffered solutions (pH 5.0-5.5, 50 mM acetic acid/50 mM sodium acetate; pH 6.0-8.0, 50 mM KH 2 PO 4 /50 mM K 2 HPO 4 ; pH 8.5-10.0, 50 mM Na 2 CO 3 /50 mM NaHCO 3 ; Jung et al., 2012) in the range pH 5.0-10.0 in steps of 0.5 pH units at 28 u C for 3 days. Similarly, growth in the range 10-45 u C (10, 16, 20, 25, 30, 35, 37, 40, 42 and 45 u C) was examined on MA at pH 7.6 for 3 days. The sensitivity of growth to the concentration of NaCl was examined in artificial seawater (Lewin & Lounsbery, 1969) supplemented with 0.4 % yeast extract with NaCl added at final concentrations of 0-13 % (w/v) at 28 u C for 3 days. Anaerobic growth was tested using the BD GasPak EZ system (Becton Dickinson).
Strain AN44
T is a Gram-negative, motile, aerobic rod (Fig.  S1 , available in IJSEM Online). Growth occurred at 16-42 u C and pH 5.5-10.0, with optimum growth at 28 u C and pH 7.0-8.0. Strain AN44
T was able to grow in the presence of 0.5-11.0 % (w/v) NaCl but not in the presence of 12.0 % NaCl. Optimum growth was found in the presence of 3-5 % NaCl.
Catalase activity was assayed by mixing a pellet of a freshly centrifuged culture with a drop of hydrogen peroxide (30 %, v/v). Oxidase activity was assayed with discs impregnated with dimethyl p-phenylenediamine (HiMedia). Citrate utilization, activities of ornithine decarboxylase, urease and phenylalanine deaminase, the Voges-Proskauer test, hydrolysis of DNA, aesculin, casein, starch, gelatin and onitrophenyl b-galactoside (ONPG), production of H 2 S and indole, the methyl red test, malonate utilization and nitrate reduction were assessed following the procedures described by Smibert & Krieg (1994) except that media were prepared with 3 % NaCl. Utilization of organic compounds as sole sources of carbon and energy was determined in mineral medium (Shieh et al., 2004) containing substrates at 5.0 g l
21
. Other biochemical and enzymic tests were carried out with the Biolog GN2, Hi25 (HiMedia) and API ZYM (bioMérieux) kits according to the manufacturers' instructions with minor modifications. Cell suspensions were prepared in 3 % NaCl for inoculation of Hi25 and API tests. For the Biolog GN2 microplate, cells for the suspensions were grown in Biolog medium for 24 h at 28 u C under aerobic conditions. Antimicrobial susceptibility of strain AN44
T was tested by using the disc diffusion plate method on MA using discs containing the following antimicrobial agents: rifampicin (5 mg), nalidixic acid (30 mg), trimethoprim (5 mg), gentamicin (10 mg), chloramphenicol (30 mg), erythromycin (15 mg), polymyxin B (300 U), streptomycin (10 mg), tetracycline (30 mg), sulfamethoxazole/trimethoprim (SXT) (25 mg) and ampicillin (10 mg). Susceptibility was assigned after measuring the mean inhibition zone diameter. Strain AN44
T was sensitive to rifampicin, nalidixic acid, trimethoprim, gentamicin, chloramphenicol, erythromycin, polymyxin B, streptomycin, tetracycline and SXT and resistant to ampicillin. Phenotypic properties of strain AN44
T are given in the species description and characteristics that differentiate strain AN44
T from type strains of closely related species of the genus Marinomonas are given in Table 1. For determination of DNA G+C content, DNA was degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixture was then separated by HPLC (Shimadzu) using an analytical column (Vydac 201 SP54, C18, 5 mm; 25064.6 mm) equipped with a guard column (201 GD54H; Vydac). Nonmethylated lambda phage DNA (Sigma) was used as the calibration reference. The G+C content of the genomic DNA of strain AN44
T was 47.8 mol%, a value that is close to the values reported for Cellular fatty acids were analysed from cells grown to stationary phase on MA at 28 u C for 3 days. The remaining procedures for fatty acids analysis were as described by Kumari et al. (2013) . Analysis of the fatty acid profile of strain AN44
T revealed eight major fatty acids (accounting for 97.3 % of the total fatty acids): C 18 : 1 v7c (49.1 %), C 16 : 1 v7c/C 16 : 1 v6c (19.9 %), C 16 : 0 (11.1 %), C 10 : 0 3-OH (6.7 %), C 12 : 0 (3.7 %), C 10 : 0 (3.5 %), C 14 : 0 (1.8 %) and C 18 : 0 (1.2 %). Strain AN44
T differed from the reference strains by the absence of C 18 : 1 v9c and anteiso-C 17 : 1 v9c. The fatty acid composition of strain AN44
T is consistent with previous results for recognized species of the genus Marinomonas (Espinosa et al., 2010) , justifying its placement in this genus. Overall, the fatty acid profiles of strain AN44
T and members of the genus Marinomonas are similar (Lau et al., 2006; Chimetto et al., 2011) . Details of the fatty acid composition that differentiated strain AN44 T from the reference strains included in this study are shown in Table S1 .
For the analysis of quinones, polar lipids and peptidoglycan type, cells were grown in marine broth to mid-exponential phase in a rotary shaker at 28 u C and lyophilized. Respiratory quinone analysis was carried out by the Identification Service of the DSMZ. The only isoprenoid quinone detected was Q-8 (100 %). Diaminopimelic acid was detected by TLC on cellulose plates (cat no. 1.05577.0001; Merck) (Staneck & Roberts, 1974) . The peptidoglycan of strain AN44
T contained meso-diaminopimelic acid, as found in other species of the genus Marinomonas (Fig. S2) .
Polar lipids were extracted from 200 mg dry cells as described by Bligh & Dyer (1959) and separated by two-dimensional TLC (silica gel 60 F 254 , cat no. 1.05554.0007; Merck). The solvent used for the first dimension was chloroform/methanol/ benzene/28 % NH 4 OH (32.5 : 15 : 5 : 3, by vol.) and the solvent used for the second dimension was chloroform/methanol/ benzene/acetone/acetic acid/water (35 : 15 : 5 : 2.5 : 2 : 0.5, by vol.) (Romanenko et al., 2007) . Total lipids and specific functional groups were detected by using phosphomolybdic acid (total lipids), ninhydrin (amino lipids), a-naphthol (glycolipids) and molybdenum blue reagent (phospholipids). Polar lipids of strain AN44
T included an unidentified phospholipid, an unidentified aminophospholipid and two unidentified glycolipids. The lipid profile of strain AN44
T was similar to that of M. ostreistagni DSM 23425
T except for the presence of an unknown lipid in the latter strain which was absent from AN44 T . For the other reference strains, the lipid profiles were remarkably different from that of AN44 T , indicating species novelty (Fig. 1) .
For 16S rRNA gene sequence analysis, DNA was isolated using a standard method (Sambrook & Russell, 2001) . PCR amplification of the 16S rRNA gene was performed in a thermal cycler (PCT-200; MJ Research) using the bacterial universal primers 27F (59-GAGTTTGATCCTGGCTCAG-39) and 1525R (59-AAAGGAGGTGATCCAGCC-39) (Panday & Das, 2010) . PCR products were purified using a QIAQuick gel extraction kit (Qiagen) and sequenced using a CEQ Dye Terminator cycle sequencing kit in an automated DNA sequencer (model CEQ 8000; Beckman Coulter). The nucleotide sequences obtained were assembled using the sequence alignment editor program BioEdit (http://www. mbio.ncsu.edu/BioEdit/BioEdit.html). The 16S rRNA gene sequence obtained was compared with those in GenBank after BLAST searches (Altschul et al., 1997) and using the EzTaxon-e server (Kim et al., 2012) . Altogether, 1411 nt of the 16S rRNA gene was sequenced from strain AN44
T and compared with sequences from closely related strains retrieved from the GenBank database. The phylogenetic tree based on 16S rRNA gene sequences was reconstructed according to Kimura's two-parameter model (Kimura, 1980) Phylogenetic trees were reconstructed using the neighbourjoining method of Saitou & Nei (1987) and with the maximum-likelihood algorithm. The neighbour-joining phylogenetic tree presented in Fig. 2 is similar in its topology to the tree reconstructed with the maximum-likelihood algorithm (not shown). The statistical significance of branch points was calculated by 1000 bootstrap resamplings of the data (Felsenstein, 1985) . Strain AN44 T showed 97.9 % 16S rRNA gene sequence similarity to M. ostreistagni UST010306-043 T , 97.8 % similarity to M. aquimarina 11SM4 T , 97.1 % similarity to M. brasilensis R-40503 T , 97.0 % similarity to M. communis 8 T and less than 97 % similarity to strains of other species of the genus Marinomonas with validly published names. In the phylogenetic tree, strain AN44
T clustered with M. ostreistagni UST010306-043 T (Fig. 2) .
DNA-DNA hybridization is considered to be a standard method for defining bacterial species (Wayne et al., 1987) . Hence, DNA-DNA hybridization experiments were carried out between strain AN44 T and strains of closely related species showing more than 96.0 % 16S rRNA gene sequence similarity. DNA from Escherichia coli HB101 was taken as an unrelated negative control. DNA (1 mg) of each strain was transferred to a positively charged nylon membrane (Hybond-N+; Amersham) by using a dot-blot apparatus (Bio-Rad). The membrane was air-dried, crosslinked and the DNA probe for each strain was labelled with [a- T , 20 % with M. aquimarina LMG 25470 and 29 % with M. aquimarina LMG 25469. Therefore, given the recommended DNA-DNA relatedness cut-off point for species delineation of 70 % (Wayne et al., 1987; Stackebrandt & Goebel, 1994) , strain AN44
T should be regarded as representing a novel species of the genus Marinomonas.
SDS-PAGE was performed by using the method of Laemmli (1970) with minor modifications. Strain AN44
T and the reference strains used in this study were grown overnight on MA (Difco) at 28 u C. Protein sample preparation, electrophoresis and visualization of protein bands were done as described previously . Protein patterns were grouped by using the Fingerprinting II software package version 3.0 (Bio-Rad) developed by Applied Maths, under normalized densitometry. Levels of similarity between the strains were calculated by using the Dice coefficient, and a UPGMA dendrogram was Growth at 12 % (w/v) NaCl 2 + + 2 + + Optimum NaCl concentration (%, w/v) 3-5 3-4 7-8 2-3 2 3-5 Growth at 40 uC + + 2 + + + pH range for growth 5.5-10 5-9 5.5-10 5.5-10 5.5-10 5.5-9.5 Ornithine decarboxylase reconstructed as described by Vauterin & Vauterin (1992) . Based on this dendrogram, the level of protein similarity between strain AN44 T and the closely related type strains was less than 70 %. Thus, SDS-PAGE analysis also indicated that strain AN44 T should be regarded as representing a novel species of the genus Marinomonas (Fig. S3) . Description of Marinomonas fungiae sp. nov.
Marinomonas fungiae (fun9gi.ae. N.L. gen. n. fungiae of Fungia, referring to the isolation of the type strain from the coral Fungia echinata).
Cells are motile, Gram-negative and rod-shaped, 1.5-3.0 mm long and 0.3-0.6 mm wide. Colonies on MA are smooth, circular convex, creamish and 1.0-1.3 mm in diameter after 24 h of incubation at 28 u C. Cells are able to grow in 0.5-11 % (w/v) NaCl but not in 12 % (w/v) NaCl (optimum 3-5 %). Grows at 16-42 u C and pH 5.5-10, with optimum growth at 28 u C and pH 7-8. Marinomonas polaris CK13 T (AJ833000)
Marinomonas arctica 328 T (DQ492749)
Marinomonas ushuaiensis U1 T (AJ627909)
Marinomonas arenicola KMM 3893 T (AB467281)
Marinomonas pollencensis IVIA-Po-185 T (EU188441)
Marinomonas dokdonensis DSW10-10 T (DQ011526)
Marinomonas aquiplantarumi IVIA-Po-159 T (EU188447)
Marinomonas posidonica IVIA-Po-181 T (CP002771)
Marinomonas brasilensis R-40503 T (GU929940)
Marinomonas vaga ATCC 27119 T (X67025)
Marinomonas communis LMG 2864 T (DQ011528)
Marinomonas aquimarina CECT 5080 T (AJ843077)
Marinomonas fungiae AN44 T (JQ409370)
Marinomonas ostreistagni UST010306-043 T (AB242868)
Marinomonas balearica IVIA-Po-101 T (EU188448)
Marinomonas mediterranea MMB-1 T (CP002583) 98 
